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Kathmandu Valley is a center of culture in Nepal. Unfortunately, a large number of historic buildings have been 
damaged due to earthquakes in Kathmandu over the centuries since it is located on the earthquake-prone zone. 
Especially, an earthquake which hit Kathmandu in 1934 had a magnitude over 8 and it destroyed most of the cultural 
heritage, such as temples, shrines and monuments. Jatapol is an old area in Kathmandu where many historic masonry 
residential buildings are built without special attention to earthquake. It is very important to leave those buildings for 
posterity. To take measures to save those buildings from earthquakes, it is necessary to evaluate their seismic risk. 
However, there exist no sufficient statistical data to evaluate the risk from the past earthquakes. With this background, 
this study aims to numerically evaluate seismic risk of buildings using the refined version of the DEM. 
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㸯㸬ࡣࡌࡵ࡟ 
 
ࢿࣃ࣮ࣝࡢ㤳㒔࢝ࢺ࣐ࣥࢬࡣ㸪ࣄ࣐ࣛࣖ㐀ᒣᖏࡢ୍㒊࡟఩⨨ࡋ㸪ᆅ㟈ከⓎᆅᖏ࡟఩⨨ࡋ࡚࠸ࡿࡇ࡜࠿ࡽ㸪
ᆅ㟈࡟ࡼࡗ࡚ఱୡ⣖࡟ࡶࢃࡓࡾṔྐⓗ࣭ᩥ໬ⓗ࡟㈗㔜࡞ᘓ≀ࡢᾘ㛗ࡀ⧞ࡾ㏉ࡉࢀ࡚࠸ࡿ㸬≉࡟1934ᖺ࡟࢝ࢺ
࣐ࣥࢬࢆくࡗࡓ࣐ࢢࢽࢳ࣮ࣗࢻ8ࢆ㉸࠼ࡿ኱ᆅ㟈࡛ࡣ㸪┅ᆅෆࡢᘓ㐀≀࡟ቯ⁛ⓗ࡞⿕ᐖࡀⓎ⏕ࡋࡓ1)㸬 
࢝ࢺ࣐ࣥࢬࡣ㸪ᛴ⃭࡞ேཱྀࡢቑຍ࡟కࡗ࡚ᬒほࡀ◚ቯࡉࢀࡘࡘ࠶ࡿ࡜ࡋ࡚㸪2003ᖺ࡟ୡ⏺༴ᶵ㑇⏘࡟Ⓩ㘓
ࡉࢀࡓ㸬ࡇࡇ༑ᩘᖺࡢ㒔ᕷ໬࡜࣮ࣔࢱࣜࢮ࣮ࢩࣙࣥ࡟క࠺ಖᏑᆅ༊ࡢၟᴗ໬࡜⎔ቃᝏ໬ࡣ㸪Ṕྐⓗᵓ㐀≀ࡢ
ಖᏑ࡟኱ࡁ࡞㈇ࡢᙳ㡪࡜࠸࠼ࡿ㸬⌧ᅾࡲ࡛࡟ࢿࣃ࣮ࣝᨻᗓ࡞࡝࡟ࡼࡾ㸪ᩥ໬㑇⏘ಖㆤࡢᨵၿດຊࡀ࡞ࡉࢀ࡚
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2 
࠾ࡾ㸪2007ᖺ࡟ୡ⏺༴ᶵ㑇⏘ࡢⓏ㘓ࡣゎ㝖ࡉࢀ࡚࠸ࡿ㸬ࡇࡢࡼ࠺࡟ᩥ໬㑇⏘ಖㆤࡢほⅬ࠿ࡽࡢᨵၿດຊࡣ࡞
ࡉࢀ࡚࠸ࡿࡶࡢࡢ2)㸪ᆅ㟈⅏ᐖ࠿ࡽࡢṔྐⓗᘓ㐀≀ࡢಖㆤࡣ༑ศ࡜ࡣゝ࠼࡞࠸㸬Ṕྐⓗᘓ㐀≀ࡢ୰࡟ࡣ㸪ࣘ
ࢿࢫࢥࡢୡ⏺㑇⏘ࠕ࢝ࢺ࣐ࣥࢬ┅ᆅࠖࡢ୍㒊࡜ࡋ࡚Ⓩ㘓ࡉࢀ࡚࠸ࡿࡶࡢࡶ࠶ࡾ㸪ほගྡᡤ࡜ࡋ࡚ୡ⏺୰࠿ࡽ
ከࡃࡢほගᐈࢆᘬࡁࡘࡅ࡚࠸ࡿ㸬ほග⏘ᴗࡀ୺せ⏘ᴗ࡜࡞ࡗ࡚࠸ࡿᆅᇦ࡟࠾࠸࡚㸪ᆅ㟈࡟ࡼࡾほග㈨※ࡀ⿕
ᐖࢆཷࡅࡿ࡜㸪⤒῭ⓗ࡟ࡶ኱ࡁ࡞ࢲ࣓࣮ࢪࢆཷࡅࡿྍ⬟ᛶࡀ࠶ࡿ㸬ከࡃࡢேཱྀࢆᨭ࠼ࡿほග㈨※ࢆᆅ㟈⅏ᐖ
࠿ࡽᏲࡿࡇ࡜ࡶ㸪㈗㔜࡞ᩥ໬㑇⏘ࢆ⥅ᢎࡍࡿࡇ࡜࡜ྠᵝ࡟㔜せ࡞ㄢ㢟࡜ゝ࠼ࡿ㸬 
ࡇࢀࡽ࡟ᑐࡋ㸪᪥ᮏᨻᗓࡣJICA ࢆ㏻ࡌ࡚ᵝࠎ࡞ᙧ࡛ᢏ⾡᥼ຓࢆ⾜ࡗ࡚࠾ࡾ㸪2002 ᖺ࡟ࡣ࡯ࡰ☜❧ࡉࢀࡓ
ᡭἲࢆ฼⏝ࡋ࡚࢝ࢺ࣐ࣥࢬࡢᆅ㟈⿕ᐖ᝿ᐃࢆ⾜ࡗ࡚࠸ࡿ3)㸬ࡇࡢ୰࡛⾜ࢃࢀ࡚࠸ࡿᘓ≀⿕ᐖ᥎ᐃࡣ㸪ࡇࢀࡲ
࡛ୡ⏺࡛㉳ࡇࡗࡓᆅ㟈࡟ࡼࡿྛ✀ᘓ≀࡟㛵ࡍࡿ⿕ᐖ⤫ィ࠿ࡽᑟฟࡉࢀࡓ⿕ᐖ㛵ᩘࢆ฼⏝ࡋࡓࡶࡢ࡛࠶ࡿࡓࡵ㸪
࢝ࢺ࣐ࣥࢬ࡟㐺ࡋࡓ⿕ᐖ㛵ᩘ࡛࠶ࡿ࡜ࡣゝ࠸ࡀࡓ࠸㸬ࡲࡓ㸪D’Ayalaࡽࡣ⮬ࡽࡀᥦ᱌ࡋࡓFaMIVE࡜࠸࠺ᡭἲ
࡛࢝ࢺ࣐ࣥࢬࡢࣂࣝࢼࣛࣅࣜࢸ࢕㛵ᩘࢆィ⟬ࡋ࡚࠸ࡿ4)ࡀ㸪FaMIVEࡣቨࡢࢫࣞࣥࢲ࣮ࢿࢫ㸪ᗋ࡜ቨࡢ᥋ྜ≧
ែ➼ࡢᴟᑡᩘࡢኚᩘ࠿ࡽ⿕ᐖ⛬ᗘࢆศ㢮ࡍࡿࡶࡢ࡛࠶ࡾ㸪ືⓗ≉ᛶࢆ⪃៖࡟ධࢀࡓࡶࡢ࡛࡞ࡃ㸪ࡲࡋ࡚࢝ࢺ
࣐ࣥࢬࡢ⤌✚㐀≉᭷ࡢ≀ᛶ್࡟ᇶ࡙ࡃࡶࡢ࡛ࡶ࡞࠸㸬 
ᮏ◊✲࡛ࡣ㸪࢝ࢺ࣐ࣥࢬ┅ᆅࡢ༡す㒊࡟఩⨨ࡍࡿࢿࣃ࣮ࣝࡢ➨3ࡢ㒔ᕷࣃࢱࣥ࡟࠾࠸࡚ఫᐙ࡜ࡋ࡚౑ࢃࢀ
࡚࠸ࡿṔྐⓗᘓ㐀≀⩌ࢆᑐ㇟࡜ࡋ㸪ᜳⓙㄪᰝ࡟ᇶ࡙ࡃᘓ≀ศ㢮࡜ಶูせ⣲ゎᯒ࡟ࡼࡾ㸪ᆅ㟈ࣜࢫࢡࡢホ౯ࢆ
⾜࠺ࡶࡢ࡛࠶ࡿ㸬ゎᯒ࡛ࡣ㸪⌧ᆅヨ㦂࠿ࡽᚓࡽࢀࡓࣃ࣓࣮ࣛࢱ5)ࢆᇶ࡟ࣔࢹࣝ໬ࡋ㸪ࢿࣃ࣮ࣝࡢṔྐᆅ㟈ࢆ
⏝࠸ࡓࣁࢨ࣮ࢻゎᯒ࡟ࡼࡗ࡚ồࡵࡓᆅ㟈ື6)ࢆධຊࡋࡓ㸬ホ౯⤖ᯝࢆ࣐ࢵࣉ࡜ࡋ࡚♧ࡍࡇ࡜࡛⿕ᐖࡢ⛬ᗘࢆ
᫂ࡽ࠿࡟ࡍࡿ㸬ࡲࡓ㸪Ṕྐⓗ౯್ࢆᦆ࡞ࢃࡎᐇ⌧ྍ⬟࡞ࣜࣥࢢᱱࢆ⏝࠸ࡓ⿵ᙉࡢຠᯝ࡟ࡘ࠸࡚ࡶ᳨ウࢆ⾜࠺㸬  
 
㸰㸬ᑐ㇟ᆅ༊ࡢᴫせ࡜ᜳⓙㄪᰝ࡟ࡼࡿᘓ≀ศ㢮 
 
ᑐ㇟ᆅ༊
ᑐ㇟ᆅ༊ࡣ㸪ᅗ1࡟♧ࡍࣃࢱࣥࡢ୰ࡢJhatapolᆅ༊࡛࠶ࡿ㸬ࡇࡢJhatapolᆅ༊࡟ࡣ㸪ᅗ2ࡢࡼ࠺࡟90ࡢᘓ≀ࡀ
ᐦ㞟ࡋ࡚࠸ࡿ㸬ᅗ2࡛ࡣ㸪ᘓ⠏ᵝᘧ࡜㝵㧗࡟ࡼࡿศ㢮ẖ࡟Ⰽศࡅࢆࡋ࡚࠸ࡿ㸬ᅗ3,4࡟♧ࡍࡼ࠺࡞Ṕྐⓗ࡞⤌
✚㐀ᵓ㐀≀ࡀᩘከࡃᏑᅾࡋ࡚࠾ࡾ㸪ྂ㒔ࡢࡓࡓࡎࡲ࠸ࢆឤࡌࡉࡏࡿࡶࡢࡢ㸪኱㒊ศࡣ↓⿵ᙉࡢ⤌✚㐀࡛࠶ࡾ㸪
ᆅ㟈᫬࡟ࡣ኱ࡁ࡞⿕ᐖࡀண ࡉࢀࡿ㸬  
   
ᅗ 1 ࣃࢱࣥ㸦ڧࡀ Jhatapol࢚ࣜ࢔㸧                    ᅗ 2 Jhatapolᆅ༊ࡢᘓ≀ศᕸ 
       
ᅗ 3 Jhatapolᆅ༊ࡢఫᏯᑓ⏝ᘓ≀ࡢ౛  ᅗ 4  Jhatapolᆅ༊ࡢᗑ⯒ే⏝ఫᏯࡢ౛ 
Patan 
Durbar 
Square 
Jhatapol 
area 
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ᜳⓙㄪᰝ
a)ㄪᰝᴫせ 
ᑐ㇟ᆅ༊ࡢᘓ≀࡟ࡘ࠸࡚㸪ձ౑⏝┠ⓗ㸪ղ㓄⨨ᙧᘧ㸪ճᵓ㐀ᙧᘧ㸪մ㝵ᩘ㸦ቑ⠏㝵ᩘ㸧ࡢㄪᰝࢆ⾜ࡗࡓ㸬 
௒ᅇࡢᑐ㇟ᆅ༊࡛ࡣ㸪ձ౑⏝┠ⓗ࡟ࡘ࠸࡚ࡣ㸪ᅗ 3ࡢࡼ࠺࡟ఫᏯᑓ⏝࠿㸪ᅗ 4ࡢࡼ࠺࡟ᗑ⯒ࢆවࡡࡓఫᏯ
ࡢ 2㏻ࡾ࡛࠶ࡗࡓ㸬ղ㓄⨨ᙧᘧ࡟ࡘ࠸࡚ࡣ඲࡚ࡢᘓ≀ࡀ㸪㞄ࡢᘓ≀࡜௙ษࡾቨࢆඹ᭷ࡍࡿᵝ࡞㐃⥆ᘓ⠏࡛࠶
ࡗࡓ㸬ճᵓ㐀ᙧᘧ࡜մ㝵ᩘ࡟ࡘ࠸࡚ࡣḟ㡯࡛㏙࡭ࡿ㸬ቑ⠏㝵ᩘ➼ࡢእほ࠿ࡽࡢ┠どࡢࡳ࡛ࡣุ᩿ࡀ㞴ࡋ࠸㡯
┠࡟ࡘ࠸࡚ࡣ㸪ఫẸ࡬ࡢ⪺ࡁྲྀࡾㄪᰝࢆ㏻ࡌᚲせ࡞᝟ሗࢆᚓࡓ㸬  
 
            
(a) 㝵ᩘ࡟ࡼࡿศ㢮         (b) ᵓ 㐀ᙧᘧ࡟ࡼࡿศ㢮             (a)4㝵ᘓ࡚⤌✚㐀                   (b) 5㝵ᘓ࡚⤌✚㐀 
ᅗ 5 ᵓ㐀࡟ࡼࡿศ㢮                ᅗ 6  ቑ⠏㝵ᩘ 
 
b)ᵓ㐀≀⩌ࡢศ㢮 
ᑐ㇟ᆅ༊࡟⌧Ꮡࡍࡿᘓ≀ࡣ 1 㝵ᘓ࡚࡜ 3 㝵㹼6 㝵ᘓ࡚࡛࠶ࡿ㸬1 㝵ᘓ࡚ࡣ୺࡟ࣔࢽ࣓ࣗࣥࢺࡸ㸪✵ࡁᒇ࡞
࡝࡜࡞ࡗ࡚࠾ࡾ㸪ఫᏯ࡟౑⏝ࡉࢀ࡚࠸ࡿࡶࡢ࡛࡞࠸ࡓࡵ㸪1 㝵ᘓ࡚ࢆ㝖ࡃ 78 ࡢᘓ≀ࡢศ㢮ࢆ⾜ࡗࡓ㸬ࡑࡢ
⤖ᯝࢆᅗ 5 ࡟♧ࡍ㸬ᅗ 5(a)ࡣ㝵ᩘ࡟ࡼࡿศ㢮࡛࠶ࡾ㸪᭱ࡶከࡃᏑᅾࡋ࡚࠸ࡓࡢࡣ㸪5 㝵ᘓ࡚࡛㸪ḟ࡟ከ࠸ࡢ
ࡀ 4㝵ᘓ࡚࡛࠶ࡗࡓ㸬4㝵ᘓ࡚࡜ 5㝵ᘓ࡚࡛ᆅ༊඲యࡢ 93ࣃ࣮ࢭࣥࢺࢆ༨ࡵ࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬3㝵
ᘓ࡚ࡸ 6 㝵ᘓ࡚ࡢᘓ≀ࡣࡈࡃᑡᩘᏑᅾࡋ࡚࠸ࡿࡢࡳ࡛࠶ࡾ㸪3 㝵ᘓ࡚ࡣ඲࡚⤌✚㐀࡛࠶ࡗࡓ㸬ࡲࡓ㸪2 㝵ᘓ
࡚ࡢᘓ≀ࡣᏑᅾࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ㸬ᅗ 5(b)ࡣᵓ㐀ᵝᘧ࡟ࡼࡿศ㢮࡛࠶ࡾ㸪ఏ⤫ⓗ⤌✚㐀(masonry)࡜㕲➽
ࢥࣥࢡ࣮ࣜࢺ㸦RC㸧࡟ࡼࡿᯟ⤌ࡳ⤌✚㐀(RCC㸸Reinforced Concrete Confined Masonry)ࡢ 2✀㢮ࡀᏑᅾࡋ㸪኱
㒊ศࡢ 86%ࡣ⤌✚㐀࡛࠶ࡗࡓ㸬ᘓ≀⏝㏵ࡢෆヂࡣఫᒃᑓ⏝ᘓ≀㸦ᅗ 3㸧ࡀ᭱ࡶከࡃ㸪ḟ࡟ᗑ⯒ే⏝ఫᏯ㸦ᅗ
4㸧࡜ࡋ࡚౑⏝ࡉࢀ࡚࠸ࡿᘓ≀ࡀከ࠿ࡗࡓ㸬ఫᏯᑓ⏝࡜ࡋ࡚౑⏝ࡉࢀ࡚࠸ࡿࡶࡢ࡜㸪ᗑ⯒ే⏝ఫᏯ࡜ࡋ࡚౑
⏝ࡉࢀ࡚࠸ࡿࡶࡢࡢᵓ㐀ⓗ࡞ᕪ␗ࡣ㸪1㝵ࡢ㛤ཱྀ㒊ࡢ኱ᑠ࡟࠶ࡾ㸪ఫᏯᑓ⏝ࡢᘓ≀ࡣ 1㝵ࡢ㛤ཱྀ㒊ࡀ⊃ࡃ(ᅗ
3)㸪ᗑ⯒ే⏝ఫᏯࡣ 1㝵ࡢ㛤ཱྀ㒊ࡀከ࠸(ᅗ 4)㸪㸬 
ࡲࡓ㸪ከࡃࡢᘓ≀࡛ቑ⠏࣭⿵ಟࡀ᪋ࡉࢀ࡚࠾ࡾ㸪≉࡟ቑ⠏
࡟㛵ࡋ࡚ࡣ 4 㝵ᘓ࡚௨ୖࡢ࡯ࡰ඲࡚ࡢᘓ≀ࡀቑ⠏࡟ࡼࡿᘓ࡚
ቑࡋ࡟ࡼࡾ⌧ᅾࡢ㝵㧗࡜࡞ࡗ࡚࠸ࡿ㸬⤌✚㐀 4 㝵ᘓ࡚ཬࡧ 5
㝵ᘓ࡚ᘓ≀ࡢቑ⠏㝵ᩘࡢศᕸࢆᅗ 6 ࡟♧ࡍ㸬4 㝵ᘓ࡚ࡢቑ⠏
㝵ᩘࡣ 1㝵ࡀ 88㸣࡛㸪5㝵ᘓ࡚ࡢቑ⠏㝵ᩘࡣ 2㝵ࡀ 61%࡛࠶
ࡗࡓ㸬ࡇࢀࡼࡾ㸪ቑ⠏๓ࡢ㝵㧗ࡣ 3 㝵ᘓ࡚ࡢࡶࡢࡀ᭱ࡶከ࠸
࡜⪃࠼ࡽࢀࡿ㸬ࡑࡢࡓࡵ㸪ᮏ◊✲࡛ࡣ 4 㝵ᘓ࡚௨ୖࡢゎᯒࣔ
ࢹࣝ࡟ࡘ࠸࡚㸪3 㝵ࡼࡾୖࡢ㒊ศࡣቑ⠏ࡉࢀࡓࡶࡢ࡛࠶ࡿ࡜
⪃࠼ࡓ㸬 
௨ୖࡢ⤖ᯝࢆ㋃ࡲ࠼㸪ᮏ◊✲࡛ࡣ㸪ᑐ㇟ᆅ༊࡟Ꮡᅾࡍࡿᘓ
≀ࢆ㸪ᵓ㐀ᵝᘧ࡜㝵㧗࡛ 7 ࡘࡢࣔࢹࣝ࡟ศ㢮ࡋࡓ㸦ᅗ 7㸧㸬
ศ㢮࡟࠾࠸࡚௦⾲࡜࡞ࡿᘓ≀ࡢゎᯒࣔࢹࣝࢆసᡂࡋ㸪ࡑࡢศ
㢮࡟࠾ࡅࡿ௦⾲ࣔࢹࣝ࡜ࡍࡿ㸬ᮏ◊✲࡛ࡣ㸪ᆅ㟈᫬࡟࠾ࡅࡿ
ࣜࢫࢡホ౯ࢆ┠ⓗ࡜ࡋ࡚࠸ࡿࡓࡵ㸪୺࡟ࣔࢽ࣓ࣗࣥࢺࡸ㸪✵
ࡁᒇ࡞࡝࡜࡞ࡗ࡚࠾ࡾ㸪ᆅ㟈࡟ࡼࡿ⿕ᐖࡀẚ㍑ⓗᑡ࡞࠸࡜⪃
࠼ࡽࢀࡿ 1㝵ᘓ࡚ࡢᘓ≀(12Ჷ)࡟ࡘ࠸࡚ࡣ㝖እࡋ࡚⪃࠼ࡓ㸬 

 
ᅗ 7 ᘓ≀ࡢศ㢮 
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4 
㸱㸬ಶูせ⣲ゎᯒ࡟ࡼࡿᑐ㇟ᆅ༊ࡢࣜࢫࢡホ౯ 
 
ࣜࢫࢡホ౯ᡭἲ
⌧ᅾ㸪ࢿࣃ࣮࣭ࣝ࢝ࢺ࣐ࣥࢬࣂ࣮ࣞ࡟㐺ࡋࡓ⿕ᐖ㛵ᩘࡣᏑᅾࡋ࡚࠸࡞࠸㸬⿕ᐖ㛵ᩘ࡜ࡣ㸪ᆅ㟈ືᙉᗘ࡜ᘓ
≀⿕ᐖ⋡ࡢ㛵ಀࢆ⾲ࡋࡓࡶࡢ࡛࠶ࡿ㸬ᮏ◊✲࡛ࡣಶูせ⣲ἲࢆ⏝࠸ࡓᩘ್ィ⟬࡟ࡼࡗ࡚⿕ᐖ㛵ᩘࢆ᥎ᐃࡍࡿ㸬
ࡲࡓ㸪ᘓ≀ࡢᦆയᗘࡢ᥎ᐃ࡟ࡣ Okadaࡽ 7)ࡢᣦᶆࢆ⏝࠸ࡓ㸬 
ࡲࡓ㸪௒ᅇࡢࡼ࠺࡞㐃⥆ᘓ⠏ࡢᘓ≀⩌ࡢࣜࢫࢡホ౯ᡭἲ࡜ࡋ࡚㸪D’Ayala ࡽࡢ㐣ཤࡢ◊✲ 4)࡛ࡣ㸪㐣ཤࡢ
⿕ᐖ౛ࢆᇶ࡟ࡋ࡚㸪ᘓ≀ࡢ๓㠃ࡢቨࡢ◚ቯࡢࡳࢆ᝿ᐃࡋ࡚ࣜࢫࢡホ౯ࢆ⾜ࡗ࡚࠸ࡿ㸬ᮏ◊✲࡛ࡶ㸪D’Ayala
ࡽࡢ◊✲࡜ྠᵝ࡟௙ษࡾቨࢆඹ᭷ࡍࡿᘓ≀⩌࡛࠶ࡿࡓࡵ㸪ᆅ㟈࡟ࡼࡿ⿕ᐖࡣ㸪๓㠃ࡢቨࡢ◚ቯࡀᨭ㓄ⓗ࡛࠶
ࡿ࡜⪃࠼㸪ゎᯒᑐ㇟ࢆ඲㠃ࡢቨࡢࡳ࡜ࡋ࡚ࣔࢹࣝ໬ࡋࡓ㸬 
 
a) Damage Index 
ᮏ◊✲࡛ࡣ㸪ᘓ≀ࡢᦆയᗘࡢุᐃ࡟ Okada ࡽࡢᥦ᱌ࡋࡓᣦᶆ࡛࠶ࡿ Damage Index7)ࢆ⏝࠸ࡿ㸬ࡇࢀࡣ
Coburnࡀ⤌✚㐀ࡢ⿕ᐖ⛬ᗘࢆ damage grade࡜ࡋ࡚ࡲ࡜ࡵࡓࡶࡢ 8)ࢆ㸪Okadaࡽࡀ damage gradeࡢศゎ⬟ࢆୖ
ࡆࡿ࡭ࡃ damage indexࡢ 0(No damage)࠿ࡽ 1.0(Total Collapse)ࡢᣦᶆࢆ㸪damage grade࡟➼㛫㝸࡟㔜ࡡࡓࡶࡢ
࡛࠶ࡿ㸬⿕⅏ᘓ≀ࡢಟ᚟୙ྍ⬟࡞◚ቯࡣ damage index 0.6(damage grade 4)௨ୖ࡛Ⓨ⏕ࡋ㸪ᘓ≀ࡢ࠶ࡿ㝵ᒙࡀ
ᾘኻࡍࡿ࡯࡝ࡢ◚ቯࡣ㸪damage index 0.8(damage grade 5)௨ୖ࡜࡞ࡗ࡚࠸ࡿ㸬 
b) ⿕ᐖ㛵ᩘ 
 ᮏ◊✲࡛ࡣ㸪ᘓ≀ูࡢ⿕ᐖ⛬ᗘࢆホ౯ࡍࡿ㛵ᩘࢆᦆയᗘ㛵ᩘ(Damage index function)࡜ᐃ⩏ࡋ㸪ᶓ㍈࡟ᆅ㟈
ືᙉᗘ㸦᭱኱ຍ㏿ᗘ㸧㸪⦪㍈࡟ Damage Index ࢆ࡜ࡗࡓࢢࣛࣇ࡛⾲ࡋࡓ㸬ࡲࡓ㸪ᑐ㇟ᆅ༊඲య࡟࠾ࡅࡿ⿕ᐖ
⋡ࢆ୚࠼ࡿ㛵ᩘ࡜ࡋ࡚⿕ᐖ⋡㛵ᩘࢆᐃ⩏ࡍࡿ㸬⿕ᐖ⋡㛵ᩘࡣ㸪ᑐ㇟ᆅ༊ࡢ඲ᘓ≀ᩘ࡟༨ࡵࡿྛ Damage Index
ࢆ㉸㐣ࡍࡿᘓ≀ࡢ๭ྜࢆ⿕ᐖ⋡࡜ࡋ࡚㸪ᶓ㍈࡟ᆅ㟈ືᙉᗘ㸪⦪㍈࡟⿕ᐖ⋡ࢆ࡜ࡗࡓࢢࣛࣇ࡛⾲ࡋࡓ㸬 
ゎᯒᡭἲ
ᨵⰋ∧ಶูせ⣲ἲ9)ࢆ⏝࠸࡚ゎᯒࢆ⾜ࡗࡓ㸬ᨵⰋ∧ಶูせ⣲ἲ࡛ࡣ㸪ᘓ≀ࢆ๛యせ⣲ࡢ㞟ྜయ࡜ࡋ࡚ࣔࢹ
ࣝ໬ࡍࡿ㸬せ⣲㛫࡟ࡣ㸪せ⣲ࡢ๛ᛶ࡟ᇶ࡙ࡃࡤࡡࢆ୚࠼ࡿ㸬せ⣲⮬㌟ࡣ๛య࡛࠶ࡾኚᙧࡋ࡞࠸ࡀ㸪せ⣲ࡀ㔜
࡞ࡾ࠶࠺ࡇ࡜࡛ᘓ≀඲యࡢኚᙧࢆ⾲⌧ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡤࡡ࡟స⏝ࡍࡿᘬᙇ࣭ࡏࢇ᩿࣭ᅽ⦰ᛂຊࡀ㸪ࡑࢀ
ࡒࢀࡢᙉᗘࢆୖᅇࡗࡓሙྜ㸪ࡤࡡࢆษ᩿ࡋ㸪◚ቯ⌧㇟ࢆ⾲⌧ࡋࡓ㸬 

 
D0 
 
 
 
D1 
 
 
 
 
 
 
D2 
 
 
 
 
D3 
 
 
 
 
 
D4 
 
 
 
 
 
 
 
 
D5 

  
 
 
0.0 
 
 
0.1 
 
 
0.2 
 
 
 
0.3 
 
 
0.4 
 
0.5 
 
0.6 
 
 
 
0.7 
 
 
 
0.8 
 
 
 
 
0.9 
 
 
 
1.0 
Damage Damage 
Grade  Index 
ᅗ 8 Damage index (Coburn8)㸪Okada and Takai7)) 
⾲ 1 Damage Indexࡢㄝ᫂ 
Damage 
Grade 
⿕⅏ྡ⛠ ⿕ᐖ≧ἣ Damage 
Index 
D0 No damage ⿕ᐖ࡞ࡋ 0 
D1 Negligible to 
Slight 
damage 
ቨ㠃࡟ẟ㧥ட
⿣㸬ࡲࢀ࡟⁽႞
ቨࡢᑠ∦ⴠୗ㸬  
0.0-0.2 
D2 Moderate 
damage 
ከࡃࡢቨ࡟ட
⿣㸬⁽႞ቨࡢⴠ
ୗࡀ┠❧ࡘ㸬 
0.2-0.4 
D3 Substantial 
to heavy 
damage 
࡯࡜ࢇ࡝ࡢቨ࡟
῝ࡃ࡚኱ࡁ࡞ட
⿣㸬ᵓ㐀せ⣲ࡢ
୍㒊ࡀ◚ቯ㸬 
0.4-0.6 
D4 Very heavy 
damage 
ቨ㠃ࡣ㔜ᗘࡢ◚
ቯ㸬ࢫࣛࣈࡢ୍
㒊ࡀ◚ቯ㸬ᵓ㐀
せ⣲ࡣ࠾஫࠸ࡢ
㐃⥆ᛶࢆኻ࠺㸬 
0.6-0.8 
D5 Destruction ᏶඲ࡲࡓࡣ࡯࡜
ࢇ࡝᏶඲࡟◚
ቯ㸬 
0.8-1.0 
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≀ᛶ್
↢⎰࠾ࡼࡧࣔࣝࢱࣝࡢ≀ᛶ್࡟ࡘ࠸࡚ࡣ㸪ᑐ㇟ᆅ༊ࡢ࿘㎶࡟Ꮡᅾࡋ㸪ᘓ⠏᫬ᮇࡸᘓ⠏ᵝᘧࡀࡑࢀ࡯࡝ኚࢃ
ࡽ࡞࠸ᐇᅾࡢᘓ≀࠿ࡽྲྀᚓࡋࡓ↢⎰ࡢᐇ㦂࡟ࡼࡗ࡚ồࡵࡓ㸬ᮌᮦࡢ≀ᛶ್࡟ࡘ࠸࡚ࡣ ᐃࡉࢀ࡚࠸࡞࠸ࡓࡵ㸪
ྠࡌᗈⴥᶞ࡛࠶ࡿࡪ࡞ࡢ୍⯡ⓗ࡞್ࢆ⏝࠸ࡓ㸬⾲2࡟ྛ್ࢆ♧ࡍ5)㸬↢⎰⮬㌟ࡢ◚ቯࡣ᝿ᐃࡋ࡚࠾ࡽࡎ㸪ࣔࣝ
ࢱ࡛ࣝࡢ◚ቯࢆ᝿ᐃࡋ࡚࠸ࡿ㸬ゎᯒ࡛ࡣ㸪᥋ゐࡍࡿ2ࡘࡢ↢⎰ࡢ㔜ᚰ㛫ࢆ⤖ࡪࡤࡡࢆ᝿ᐃࡋ㸪ࡤࡡᐃᩘࡣ↢
⎰࡜ࣔࣝࢱࣝࡢᖹᆒⓗ࡞ᙎᛶಀᩘ࠿ࡽỴᐃࡋࡓ㸬⾲1ࡢ↢⎰࡜ࣔࣝࢱࣝࡢᙎᛶಀᩘࡢḍ࡟ࡣ㸪୧⪅ࡢᖹᆒⓗ
࡞ᙎᛶಀᩘࡢ್ࢆ♧ࡋ࡚࠸ࡿ㸬 ᮌ〇ࡢᰕ࣭ᱱࡣ」ᩘࡢせ⣲ࡢ㞟ྜయ࡛⾲ࡋ㸪ᮌᮦࡢせ⣲㛫ࡢ◚ቯุᐃ࡟ࡣ
ᮌᮦࡢᙉᗘࢆ㸪ᮌᮦ࡜↢⎰ࡢせ⣲㛫ࡢ◚ቯุᐃ࡟ࡣࣔࣝࢱࣝᙉᗘࢆ⏝࠸ࡓ㸬 
 ࡞࠾㸪ᮏ◊✲࡛᥇⏝ࡋࡓ≀ᛶ್ࢆ౑⏝ࡋ࡚㸪ᑐ㇟ᆅ༊࡟㏆᥋ࡋ㸪ᘓ⠏᫬ᮇࡸᘓ⠏ᵝᘧࡀࡑࢀ࡯࡝ኚࢃࡽ࡞
࠸ 2㝵ᘓ࡚ࡢ⤌✚㐀ᘓ≀ࡢゎᯒࣔࢹࣝࢆᵓ⠏ࡋࡓ࡜ࡇࢁ㸪ᅛ᭷᣺ືᩘࢆⰋዲ࡞⢭ᗘ࡛෌⌧࡛ࡁࡓࡇ࡜࠿ࡽ㸪
ጇᙜ࡞್࡛࠶ࡿ࡜ุ᩿ࡋ࡚᥇⏝ࡋࡓ㸬 

ゎᯒࣔࢹࣝ 
ᘓ≀ࡢࣔࢹࣝ໬࡟ࡘ࠸࡚ヲ⣽࡟♧ࡍ㸬ࡲࡎ㸪ᑐ㇟ᆅ༊࡟࠾ࡅࡿᘓ≀ࢆ㸪ᅗ 7 ࡟♧ࡍࡼ࠺࡟㸪ᵓ㐀ᙧᘧ࡜㝵
ᩘ࡛ 7ࣔࢹࣝ࡟ศ㢮ࡋࡓ㸬ゎᯒࣔࢹࣝࡣศ㢮ࡈ࡜࡟సᡂࡋ㸪⤌✚㐀㸪RCCࡢసᡂࡋࡓゎᯒࣔࢹࣝࡢ౛ࢆ㸪ᅗ
9࡟ࡑࢀࡒࢀ♧ࡍ㸬⤌✚㐀㸪RCCඹ࡟↢⎰せ⣲ࡢ኱ࡁࡉࡣ 10cm10cm20cm࡜ࡋࡓ㸬๓㠃ࡢቨ࡜ᶓࡢቨࢆ
1mࡢࡳࣔࢹࣝ໬ࡋ㸪ࡑࢀ௨እࡢᶓࡢቨࡣᅛᐃせ⣲࡜ࡋࡓ㸬 
⤌✚㐀ᘓ≀࡟ࡘ࠸࡚ࡣ㸪ᑐ㇟ᆅ༊ࡢᖹᆒⓗ࡞್࡜ࡋ࡚㸪ྛ㝵ࡢ㧗ࡉࢆ 2.0m㸪ᶓᖜࢆ 4.2m࡜ࡋࡓ㸬ྛ㝵ࡢ
ᗋࡣ㸪ᮌ〇ࡢᱱ࡛ᵓᡂࡉࢀ࡚࠸ࡿ㸬⤌✚㐀ᘓ≀࡟࠾࠸࡚㸪3 㝵ࡼࡾࡶ㧗࠸㒊ศ࡟ࡘ࠸࡚ࡣቑ⠏ࡉࢀࡓࡶࡢ࡛
࠶ࡿ࡜⪃࠼㸪ቨཌࢆ㸯㹼3 㝵࡛ࡣ 60cm㸪4 㝵௨ୖ࡛ࡣ 40cm࡟ኚ᭦ࡋࡓ㸬ࡇࢀࡣ⪺ࡁྲྀࡾㄪᰝ࡟ࡼࡾ㸪ቑ⠏
㒊ศࡣቑ⠏๓ࡼࡾࡶቨཌࡀῶᑡࡋ࡚࠸ࡿ᝟ሗࡀ࠶ࡗࡓࡓࡵ࡛࠶ࡿ㸬 
RCC ࡣ㸪ᑐ㇟ᆅ༊ࡢᖹᆒⓗ࡞್࡜ࡋ࡚ྛ㝵ࡢ㧗ࡉࢆ 3.0m ࡜ࡋ㸪ቨࡢᖜࡣ 4.1m㸪RC ࣇ࣮࣒ࣞࢆ 0.3m
0.3m࡜ࡋࡓ㸬ᶓࡢቨࡣ⤌✚㐀࡜ྠᵝ࡟ 1mࡔࡅࣔࢹࣝ໬ࡋࡓ㸬ቨཌࡣ⤌✚㐀ࡼࡾࡶⷧࡃ㸪ቑ⠏ࡢᙳ㡪ࢆ⪃៖
ࡍࡿࡓࡵ㸪1㹼3㝵࡛ࡣ 20cm㸪4㝵௨ୖ࡛ࡣ 10cm࡜ࡋࡓ㸬 
ィ⟬᫬㛫㛫㝸ࡣ㸪ゎࡢᏳᐃ᮲௳9)࠿ࡽ㸪⤌✚㐀ࡢࣔࢹࣝࡀ4.010-5sec࡛㸪RCCࣔࢹࣝࡣ1.010-5sec࡜ࡋࡓ㸬

ධຊᆅ㟈ື
ࢿࣃ࣮ࣝࡢṔྐᆅ㟈ࢹ࣮ࢱ࡜ά᩿ᒙࢹ࣮ࢱ࠿ࡽᆅ㟈༴㝤ᗘゎᯒ࡟ࡼࡗ࡚᥎ᐃࡉࢀࡓຍ㏿ᗘἼᙧࢆᅗ10࡟♧
ࡍ6)㸬෌⌧ᮇ㛫ࡢ␗࡞ࡿ3㏻ࡾࡢᆅ㟈ືࢆ⏝࠸ࡓ㸬ᘓ≀ࡢ㠃እ᪉ྥ࡟ධຊࡋࡓ㸬 
㻙㻤㻜㻜
㻙㻢㻜㻜
㻙㻠㻜㻜
㻙㻞㻜㻜
㻜
㻞㻜㻜
㻠㻜㻜
㻢㻜㻜
㻤㻜㻜
㻜 㻝㻜 㻞㻜 㻟㻜 㻠㻜 㻡㻜
㼀㻵㻹㻱㻌㻔㼟㻕
㻭㻯
㻯
㻌㻔㼓
㼍㼘
㻕
㻙㻤㻜㻜
㻙㻢㻜㻜
㻙㻠㻜㻜
㻙㻞㻜㻜
㻜
㻞㻜㻜
㻠㻜㻜
㻢㻜㻜
㻤㻜㻜
㻜 㻝㻜 㻞㻜 㻟㻜 㻠㻜 㻡㻜
㼀㻵㻹㻱㻌㻔㼟㻕
㻭㻯
㻯
㻌㻔㼓
㼍㼘
㻕
㻙㻤㻜㻜
㻙㻢㻜㻜
㻙㻠㻜㻜
㻙㻞㻜㻜
㻜
㻞㻜㻜
㻠㻜㻜
㻢㻜㻜
㻤㻜㻜
㻜 㻝㻜 㻞㻜 㻟㻜 㻠㻜 㻡㻜
㼀㻵㻹㻱㻌㻔㼟㻕
㻭
㻯
㻯
㻌㻔
㼓㼍
㼘㻕
 
(a) 50ᖺⓎ⏕☜⋡ 40㸣                 (b) 50ᖺⓎ⏕☜⋡ 10㸣                         (c) 50ᖺⓎ⏕☜⋡ 5㸣 
ᅗ 10  ධຊᆅ㟈ື㸦࢝ࢺ࣐ࣥࢬ࡟࠾ࡅࡿ᥎ᐃᆅ㟈ື㸧 
⾲ 2 ゎᯒࣃ࣓࣮ࣛࢱ 
≀ᛶ ↢⎰ ࣔࣝࢱࣝ ᮌ RC 
༢఩య✚㉁㔞 (kg/m3) 1.8  103 - 7.0  102 2.3  103 
ᙎᛶಀᩘ (N/m2) 2.7  108 2.7  108 6.3  108 2.5  1010 
࣏࢔ࢯࣥẚ 0.11 0.25 0.3 0.2 
ᘬᙇᙉᗘ (N/m2) - 0.0 1.1  108 1.91  106 
⢓╔ຊ (N/m2) - 9.0  104 9.0  106 2.2  106 
ෆ㒊ᦶ᧿ゅ - 42.5 0 32 
ᅽ⦰ᙉᗘ(N/m2) - 1.58  106 4.5  107 2.4  107 
   
   (a) ↢⎰㐀 4㝵ᘓ࡚ (b)RCC4㝵ᘓ࡚ 
ᅗ 9   ゎᯒࣔࢹࣝ౛ 
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6 
㸲㸬ゎᯒ⤖ᯝ 
 
 సᡂࡋࡓ 7 ࡘࡢゎᯒࣔࢹࣝ࡟㸪Ⓨ⏕☜⋡
ࡢ␗࡞ࡿ 3 ✀㢮ࡢᆅ㟈ືࢆධຊࡋࡓ㸬ࡇࡇ
࡛ࡣ⤌✚㐀 4 㝵ᘓ࡚㸪6 㝵ᘓ࡚ࣔࢹࣝ࡜㸪
RCC4㝵ᘓ࡚ࣔࢹࣝࡢ⤖ᯝࢆᅗ 11࠿ࡽᅗ 13
࡟♧ࡍ㸬7 ࣔࢹࣝࡢ᭱⤊ⓗ࡞⿕ᐖࡢ⛬ᗘ࠿
ࡽ㸪damage indexࢆホ౯ࡋࡓ㸬 
50ᖺⓎ⏕☜⋡ 40㸣ࡢᆅ㟈ື(PGA=72gal㸪
PGA:᭱኱ᆅືຍ㏿ᗘ)ࢆධຊࡋࡓ࡜ࡇࢁ㸪⤌
✚㐀ࡢ 4 ࡘࡢࣔࢹࣝ㸦3,4,5,6 㝵ᘓ࡚ࡢ 4
ࡘ㸧ࡣࡈࡃᑡ㔞ࡢ↢⎰ࡀⴠୗࡍࡿ࡜࠸࠺㸪
࡝ࡢࣔࢹࣝࡶࡼࡃఝࡓ⿕ᐖ⛬ᗘ࡜࡞ࡗࡓ㸬
ࡑࡢࡓࡵ㸪඲࡚ࡢࣔࢹ࡛ࣝ damage index ࢆ
0.2࡜ุᐃࡋࡓ㸬RCC࡟ࡘ࠸࡚ࡣ㸪඲࡚ࡢࣔ
ࢹ࡛ࣝ⿕ᐖࡀ☜ㄆ࡛ࡁ࡞࠿ࡗࡓࡓࡵ㸪඲࡚
damage index ࢆ 0.0 ࡜ࡋࡓ㸬 
50 ᖺⓎ⏕☜⋡ 10㸣ᆅ㟈ື(PGA=403gal)ࢆ
ධຊࡋࡓ࡜ࡇࢁ㸪⤌✚㐀ࡢ 3,4,5㝵ᘓ࡚ࣔࢹ
࡛ࣝࡣ㸪᭱ୖ㝵ࡀᔂቯࡍࡿ⿕ᐖ࡜࡞ࡗࡓ㸬
Okada ࡽࡢᣦᶆ࡛ࡣ㸪ᘓ≀ࡢ࠶ࡿ㝵ᒙࡀᾘ
ኻࡍࡿ⛬ࡢ◚ቯࡣ damage index ࢆ 0.8 ௨ୖ
࡜ࡋ࡚࠸ࡿࡓࡵ㸪ඹ࡟ damage index ࢆ 0.8
࡜ࡋࡓ㸬⤌✚㐀 6 㝵ᘓ࡚ࣔࢹࣝࡣ㸪ᔂቯ࡟
㏆࠸⤖ᯝ࡜࡞ࡗࡓࡓࡵ㸪damage index ࢆ 1.0
࡜ࡋࡓ㸬RCC ࡛ࡣ㸪4 㝵ᘓ࡚ࣔࢹࣝࡣ㸪࡯
࡜ࢇ࡝ᦆയࡀ☜ㄆ࡛ࡁ࡞࠿ࡗࡓ㸬RCC5 㝵
ᘓ࡚ࣔࢹࣝࡣ㸪ྛ㝵࡟ࢡࣛࢵࢡࡀⓎ⏕ࡋ࡚
࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓ㸬RCC6 㝵ᘓࣔࢹࣝ
ࡣ㸪ቨࡢ࡯࡜ࢇ࡝ࡢሙᡤ࡛ࢡࣛࢵࢡࡀ☜ㄆ
࡛ࡁࡓ㸬௨ୖࡢ⤖ᯝ࠿ࡽ㸪RCC ࡛ࡣ 4 㝵ᘓ
࡚ࡀ㸪damage indexࢆ 0.0࡜ࡋ㸪5㝵ᘓ࡚ࡢ
damage index ࡣ 0.1㸪6 㝵ᘓ࡚ࡢ damage 
indexࡣ 0.2࡜ࡋࡓ㸬 
50 ᖺⓎ⏕☜⋡ 5㸣㸦PGA=577gal㸧ࡢᆅ㟈
ືࢆධຊࡍࡿ࡜㸪⤌✚㐀 3 㝵ᘓ࡚ࣔࢹ࡛ࣝ
ࡣ㸪⿕ᐖࡢ⛬ᗘࡣ PGA=403gal ࡢᆅ㟈ືධ
ຊ⤖ᯝ࡜ࡑࢀ࡯࡝ኚࢃࡽ࡞࠸⛬ᗘ࡛࠶ࡗࡓ
ࡓࡵ㸪damage indexࢆ 0.8࡜ࡋࡓ㸬⤌✚㐀 4,5 㝵ᘓ࡚ࣔࢹࣝࡣ 1㝵㒊ศࡀṧࡗ࡚࠸ࡿࡓࡵ㸪damage indexࢆ
0.9࡜ࡋ㸪⤌✚㐀 6㝵ᘓ࡚ࣔࢹࣝࡣ㸪࡯ࡰ᏶඲࡟ᔂቯࡋ࡚࠸ࡿ࡜ุ᩿࡛ࡁࡿࡢ࡛㸪damage indexࢆ 1.0 ࡜ࡋࡓ㸬
RCC࡟ࡘ࠸࡚ࡣ㸪 4,5㝵ᘓ࡚ࣔࢹࣝࡣ damage indexࡀ 0.3㸪 6㝵ᘓ࡚ࣔࢹࣝࡣ damage indexࡀ 0.4࡜࡞ࡗࡓ㸬 
௨ୖ࠿ࡽ㸪ホ౯ࡋࡓ damage index ࢆࡲ࡜ࡵࡓࡶࡢࢆ⾲ 3࡟♧ࡍ㸬ࡲࡓ㸪3✀㢮ࡢᆅ㟈ື࡟ᑐࡍࡿྛᘓ≀ࡢ
damage index ࡢ್ࢆᆅᅗୖ࡟♧ࡋࡓࡶࡢࢆᅗ 14 ࡟♧ࡍ㸬(a)࠿ࡽ(c)ࡲ࡛ࡢྛᅗ࡟࠾࠸࡚㸪ᩳ⥺ࢆࡘࡅࡓᘓ≀
ࡣ㸪1 㝵ᘓࡢᘓ≀࡛ࣜࢫࢡホ౯ࢆ⾜࠺࡟ᙜࡓࡾ㝖እࡋࡓᘓ≀࡛࠶ࡿ㸬 50 ᖺⓎ⏕☜⋡ 40㸣ࡢᆅ㟈ື࡛ࡣ
damage index ࡢ᭱㧗್ࡣ 0.2 ࡛࠶ࡾ㸪ᑐ㇟ᆅ༊ࡢࡍ࡭࡚ࡢᘓ≀࡛↓ど࡛ࡁࡿ⛬ᗘࡢ⿕ᐖࡋ࠿Ⓨ⏕ࡋ࡞࠸஦ࡀ
☜ㄆ࡛ࡁࡿ㸬ᚑࡗ࡚㸪ᑐ㇟ᆅ༊࡟Ꮡᅾࡍࡿᘓ≀ࡣ㸪50 ᖺⓎ⏕☜⋡ 40㸣ࡢᆅ㟈ື࡟ᑐࡍࡿ⪏ຊࢆ᭷ࡋ࡚࠸ࡿ
࡜⪃࠼ࡽࢀࡿ㸬ᙉᗘࡢᙅ࠸⤌✚㐀ࡀ኱㒊ศࢆ༨ࡵࡿࡓࡵ㸪50 ᖺⓎ⏕☜⋡ 10㸣ࡢᆅ㟈ື࡛ࡣ⣙༙ᩘࡢᘓ≀ࡀ
damage indexࡀ 0.8௨ୖ㸪50ᖺⓎ⏕☜⋡ 5㸣ࡢᆅ㟈ື࡛ࡣ኱㒊ศࡢᘓ≀ࡢ damage indexࡀ 0.8௨ୖ࡜࡞ࡗࡓ㸬 
        
(a)50ᖺⓎ⏕☜⋡ 40%  (b) 50ᖺⓎ⏕☜⋡ 10%    (c) 50ᖺⓎ⏕☜⋡ 5% 
ᅗ 11 ↢⎰㐀 4㝵ᘓ࡚ࣔࢹࣝࡢᆅ㟈ᚋࡢᵝᏊ 
    
(a)50ᖺⓎ⏕☜⋡ 40%  (b) 50ᖺⓎ⏕☜⋡ 10%    (c) 50ᖺⓎ⏕☜⋡ 5% 
ᅗ 12 ↢⎰㐀 6㝵ᘓ࡚ࣔࢹࣝࡢᆅ㟈ᚋࡢᵝᏊ 
                             
(a)50ᖺⓎ⏕☜⋡ 40%  (b) 50ᖺⓎ⏕☜⋡ 10%    (c) 50ᖺⓎ⏕☜⋡ 5% 
ᅗ 13 RCC4㝵ᘓ࡚ࣔࢹࣝࡢᆅ㟈ᚋࡢᵝᏊ 
 
⾲ 3 ྛࣔࢹࣝࡢ damage index 
40% 10% 5%
masonry 3F 0.2 0.8 0.8
masonry 4F 0.2 0.8 0.9
masonry 5F 0.2 0.8 0.9
masonry 6F 0.2 1.0 1.0
RCC 4F 0.0 0.0 0.3
RCC 5F 0.0 0.1 0.3
RCC 6F 0.0 0.2 0.4
ᆅ㟈ືࡢᖺⓎ⏕☜⋡
Damage index
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㸳㸬ࣜࣥࢢᱱࢆ⏝࠸ࡓ⿵ᙉຠᯝࡢ᳨ド 

ࣜࣥࢢᱱࢆ⏝࠸ࡓ⿵ᙉἲ 
 ゎᯒࡼࡾ㸪⤌✚㐀࡟ẚ࡭࡚㕲➽ࢥࣥࢡ࣮ࣜ
ࢺ࡟ࡼࡿᯟ⤌ࡳ⤌✚㐀ࡢ⿕ᐖ⛬ᗘࡀᑠࡉ࠸ࡇ
࡜ࡀ☜ㄆ࡛ࡁࡓ㸬⤌✚㐀ࢆᯟ⤌ࡳ⤌✚㐀࡟ᘓ
࡚᭰࠼ࡿࡇ࡜ࡀ࡛ࡁࢀࡤ㸪ᑐ㇟ᆅ༊ࡢ⿕ᐖࡢ
⛬ᗘࡣ኱ᖜ࡟ῶᑡࡍࡿࡇ࡜ࡀᮇᚅ࡛ࡁࡿ㸬ࡋ
࠿ࡋ㸪኱㒊ศࢆ༨ࡵࡿ⤌✚㐀ࢆᘓ࡚᭰࠼ࡿࡇ
࡜ࡣ⌧ᐇⓗ࡟ᅔ㞴࡛࠶ࡿࡋ㸪Ṕྐⓗ࡞౯್ࢆ
ୗࡆ࡚ࡋࡲ࠺ᜍࢀࡢ࠶ࡿࡇ࡜࠿ࡽ㸪ᘓ࡚᭰࠼
ࢆࡏࡎ⿵ᙉ࡟ࡼࡗ࡚Ṕྐⓗ࡞౯್ࢆಖࡗࡓࡲ
ࡲ⤌✚㐀ࡢ⪏㟈ᛶࢆྥୖࡉࡏࡿ᪉ἲ࡟ࡘ࠸࡚
᳨ウࡍࡿ㸬 
ࡇࡇ࡛ࡣ㸪ࣜࣥࢢᱱ࡟ࡼࡿ⿵ᙉ᪉ἲࡢ᥇⏝
ࢆ᳨ウࡍࡿ㸬࢝ࢺ࣐ࣥࢬࡢ⤌✚㐀ࡣᮌ㐀࡜ࡢ
」ྜᘓ⠏࡟࡞ࡗ࡚࠸ࡿࡇ࡜ࡀከࡃ㥆ᰁࡳࡀࡼ
࠸ࡓࡵ㸪⌧ᏑࡍࡿṔྐⓗ࣭ᩥ໬ⓗ࡟㈗㔜࡞ᘓ
≀ࡢ౯್ࢆⴠ࡜ࡍࡇ࡜࡞ࡃ㸪ᆅ㟈⅏ᐖ࡟ᙉ࠸
ᘓ≀࡟࡛ࡁࡿ࡜⪃࠼ࡓ㸬⿵ᙉ᱌ࡣ㸪ᅗ 15(a)(b)
ࡢྑᅗ࡟♧ࡍ࡜࠾ࡾ㸪ྛ㝵ࡢኳ஭㒊ศࡢ↢⎰
ࢆᮌ〇ࡢᱱ࡛⨨ࡁ᥮࠼ࡿࡶࡢ࡛࠶ࡿ㸬ᱱ࡜↢
⎰ࡢ㛫ࡣࣔࣝࢱ࡛ࣝ᥋╔ࡍࡿ࡜௬ᐃࡋࡓ㸬ᘬ
ᙇᙉᗘࡢ㧗࠸ᮌ〇ࡢᱱࡀቨࢆ୍࿘ࡍࡿࡓࡵ㸪
ᱱୖୗࡢ↢⎰ྠኈࡢ୍య໬࡜㸪┤஺ࡍࡿቨྠ
ኈࡢ୍య໬ࡀྥୖࡍࡿຠᯝࡀᮇᚅ࡛ࡁࡿ㸬ࢿ
ࣃ࣮ࣝࡢఏ⤫ⓗ࡞ᘓ≀ࡢእほࢆᦆ࡞࠺ࡇ࡜࡞
ࡃ㸪⪏ຊࢆྥୖࡍࡿࡇ࡜ࡀᮇᚅ࡛ࡁࡿ㸬 

ࣜࣥࢢᱱࢆ⏝࠸ࡓ⿵ᙉຠᯝࡢ᳨ド 
ࣜࣥࢢᱱ࡟ࡼࡿ⿵ᙉຠᯝࢆಶูせ⣲ゎᯒ࡟
ࡼࡾ᳨ドࡋࡓ㸬ࣜࣥࢢᱱࡢ≀ᛶ್ࡣ⾲ 2 ࡢᮌ
ᮦࡢ್ࢆ౑⏝ࡋࡓ㸬౛࡜ࡋ࡚㸪ᅗ 15 ࡟⤌✚㐀
5 㝵ᘓ࡚࡜ 6 㝵ᘓ࡚ࣔࢹࣝ࡟㸪50 ᖺⓎ⏕☜⋡
10%ࡢᆅ㟈ືࢆධຊࡋࡓ࡜ࡁࡢᆅ㟈ᚋࡢᵝᏊ࡜㸪
ࣜࣥࢢᱱ࡟ࡼࡿ⿵ᙉࢆ᪋ࡋࡓሙྜࡢᆅ㟈ᚋࡢ
ᵝᏊࢆ♧ࡍ㸬࡝ࡕࡽࡢࣔࢹ࡛ࣝࡶ㸪⿵ᙉ࡟ࡼ
ࡿ⿕ᐖࡢ㍍ῶຠᯝࡣ᫂ࡽ࠿࡛࠶ࡿ㸬ቨ࡟ட⿣
ࡣⓎ⏕ࡋࡓࡀ㸪↢⎰ࡢⴠୗࡣ㉳ࡇࡽ࡞࠿ࡗࡓ㸬
࡞࠾㸪⿵ᙉࢆ᪋ࡋࡓࣔࢹࣝࡢ⤖ᯝ࡛ࡣ㸪᭱ୖ
㝵㡬ୖࡢࣜࣥࢢᱱࡀᾋ࠿ࡧୖࡀࡗࡓࡼ࠺࡞≧
ែ࡟࡞ࡗ࡚࠸ࡿࡀ㸪ࡇࢀࡣ᭱ୖ㝵ࡢࣜࣥࢢᱱ
ࡢୖ࡟ࡣఱࡶ㍕ࡗ࡚࠸࡞࠸ࡓࡵ㸪ࣜࣥࢢᱱ࡜
┤ୗࡢ↢⎰ࡢ㛫࡟༑ศ࡞ᦶ᧿ຊࡀⓎ⏕ࡏࡎ㸪
ࣜࣥࢢᱱࡀື࠸࡚ᚋࢁ࠿ࡽⴠୗࡋ࡚ࡋࡲࡗࡓ
ࡓࡵ࡛࠶ࡿ㸬ࡇࡢ㒊ศ࡟ࡘ࠸࡚ࡣ⤖ྜࢆᙉࡃ
ࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬↓⿵ᙉࣔࢹࣝࡣ㸪damage index ࡀ 0.8 ௨ୖࡢ⿕ᐖࢆཷࡅࡓࡀ㸪⿵ᙉࢆ᪋ࡋࡓ
ࣔࢹࣝࡣ damage indexࡀ 0.4ࡢ⿕ᐖ࡜࡞ࡾ㸪ࣜࣥࢢᱱ࡟ࡼࡿ⿵ᙉࡣຠᯝⓗ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
 
(a)50ᖺⓎ⏕☜⋡ 40㸣ࡢᆅ㟈ືධຊ⤖ᯝ 
 
(b) 50ᖺⓎ⏕☜⋡ 10㸣ᆅ㟈ືධຊ⤖ᯝ 
 
(c) 50ᖺⓎ⏕☜⋡ 5㸣ᆅ㟈ືධຊ⤖ᯝ 
ᅗ 14 ᑐ㇟ᆅ༊࡟࠾ࡅࡿࣜࢫࢡホ౯⤖ᯝ 
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㸴㸬ࡲ࡜ࡵ 
 
ᮏ◊✲࡛ࡣࢿࣃ࣮࣭ࣝ࢝ࢺ࣐ࣥࢬࡢࣃࢱࣥࢆᑐ㇟࡜ࡋ㸪
Ṕྐⓗ⤌✚㐀⩌ࡢᆅ㟈ࣜࢫࢡホ౯ࢆ⾜ࡗࡓ㸬ࡲࡎ㸪ᜳⓙㄪ
ᰝ࡟ࡼࡾᘓ≀ࡢᵓ㐀✀ู࡜㝵ᩘࢆㄪ࡭ࡓ㸬ᵓ㐀✀ู࡟ࡘ࠸
࡚ࡣ86%ࡀᙉᗘࡢᙅ࠸⤌✚㐀࡛㸪14%ࡀRC࡛ᯟ⤌ࡳࢆࡋࡓ
⤌✚㐀㸦RCC㸧࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸬㝵ᩘ࡟ࡘ࠸࡚ࡣ5㝵
ᘓ࡚ࡀ56%࡜᭱ࡶከࡃ㸪ḟ࡟ከ࠸ࡢࡀ4㝵ᘓ࡚ࡢ37%࡛࠶ࡗ
ࡓ㸬ࡲࡓ㸪኱ከᩘࡢᘓ≀ࡣඖࠎࡣ3㝵ᘓ࡚⛬ᗘࡔࡗࡓࡢࡀቑ
⠏ࡉࢀ࡚⌧ᅾࡢ㝵ᩘ࡟⮳ࡗࡓࡇ࡜ࡀࢃ࠿ࡗࡓ㸬ᜳⓙㄪᰝࡢ
⤖ᯝࢆࡶ࡜࡟㸪ᘓ≀ࢆᵓ㐀✀ู࡜㝵ᩘ࡟ࡼࡾ7ࡘ࡟ศ㢮ࡋ㸪
ᆅ༊ࢆ௦⾲ࡍࡿ7ࡘࡢᖹᆒⓗ࡞ࣔࢹࣝࢆసᡂࡋࡓ㸬ḟ࡟㸪ಶ
ูせ⣲ゎᯒ࡟ࡼࡾᆅ㟈⿕ᐖࢆホ౯ࡋࡓ㸬7ࡘࡢࣔࢹࣝ࡟ᑐࡋ
࡚㸪࢝ࢺ࣐ࣥࢬ࡟࠾ࡅࡿ᥎ᐃᆅ㟈ືࢆධຊࡋ㸪ᆅ㟈ᚋࡢ⿕
ᐖ≧ἣࢆྍど໬ࡋ㸪⿕ᐖࡢࣞ࣋ࣝࢆDamage Indexࢆ⏝࠸ุ࡚
ᐃࡋࡓ㸬ࡑࡢ⤖ᯝ㸪 50ᖺⓎ⏕☜⋡40㸣ࡢᆅ㟈ື࡟ᑐࡋ࡚ࡣ
኱ࡁ࡞⿕ᐖࡣⓎ⏕ࡋ࡞࠸ࡀ㸪50ᖺⓎ⏕☜⋡10㸣ࡢᆅ㟈ື࡟
ᑐࡋ࡚ࡣ༙ᩘ㏆࠸ᵓ㐀≀ࡀDamage Indexࡀ0.8ࢆ㉸࠼ࡿ኱⿕
ᐖࢆཷࡅ㸪50ᖺⓎ⏕☜⋡5㸣ࡢᆅ㟈ື࡟ᑐࡋ࡚ࡣ኱㒊ศࡢᵓ
㐀≀ࡀDamage Indexࡀ0.8ࢆ㉸࠼ࡿ኱⿕ᐖࢆཷࡅࡿ⤖ᯝ࡜࡞
ࡗࡓ㸬⿕ᐖ⋡ࡢ㧗ࡉࡣ86㸣ࢆ༨ࡵࡿᙉᗘࡢᙅ࠸⤌✚㐀࡟㉳
ᅉࡋ࡚࠾ࡾ㸪௒ᚋRCC࡟ᘓ࡚᭰࠼ࡿࡇ࡜ࡀྍ⬟࡛࠶ࢀࡤ⿕
ᐖ⋡ࡣ㍍ῶ࡛ࡁࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸬᭱ᚋ࡟㸪඲࡚ࡢᘓ≀ࢆ
RCC࡬ࡢᘓ࡚᭰࠼ࡿࡇ࡜ࡣ⌧ᐇⓗ࡛࡞࠸ࡇ࡜㸪ࡲࡓṔྐⓗ⤌✚㐀ࡢ౯್ࢆᦆ࡞ࡗ࡚ࡋࡲ࠺ྍ⬟ᛶࡀ࠶
ࡿࡓࡵ㸪ᘓ࡚᭰࠼࡛࡞ࡃ⿵ᙉ࡟ࡼࡾṔྐⓗ౯್ࢆṧࡋࡘࡘ⿕ᐖࢆ㍍ῶࡍࡿࡇ࡜ࢆ⪃࠼ࡓ㸬ఏ⤫ᘓ⠏࡛
ከࡃ⏝࠸ࡽࢀࡿᮌᮦࢆ⏝࠸࡚⿵ᙉࡍࡿࡇ࡜ࢆ⪃࠼㸪ᮌ〇ࡢᱱࢆྛ㝵ࡢኳ஭࡟ࣜࣥࢢ≧࡟ࡣࢃࡍࡇ࡜࡛
↢⎰࡜↢⎰ࡢ୍య໬ࢆᅗࡿຠᯝࢆᮇᚅࡋࡓ㸬ゎᯒ࡟ࡼࡾ㸪50ᖺⓎ⏕☜⋡10㸣ࡢᆅ㟈ື࡟ᑐࡋ࡚ࡶ㸪ࡦ
ࡧ๭ࢀⓎ⏕ࡋࡓࡶࡢࡢಽቯࡣ㉳ࡇࡽࡎ㸪⪏㟈ᛶࡢྥୖຠᯝࡀᮇᚅ࡛ࡁࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸬 
 
ㅰ㎡㸸ᮏ◊✲ࡣ㸪❧࿨㤋኱Ꮫࢢ࣮ࣟࣂࣝCOEࣉࣟࢢ࣒ࣛ㸦◊✲ㄢ㢟ྡ㸸Ṕྐ㒔ᕷࢆᏲࡿࠕᩥ໬㑇⏘㜵⅏Ꮫࠖ
᥎㐍ᣐⅬ㸧ࡢ◊✲ᡂᯝࡢ୍㒊࡛࠶ࡿ㸬ࡇࡇ࡟グࡋ࡚ㅰពࢆ⾲ࡍࡿ㸬 
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(a) ⤌✚㐀 5㝵ᘓ࡚ 
 
(b) ⤌✚㐀 6㝵ᘓࣔࢹࣝ 
ᅗ 15 50ᖺⓎ⏕☜⋡ 10㸣ࡢᆅ㟈ື 
࡟ᑐࡍࡿࣜࣥࢢᱱ࡟ࡼࡿ⿵ᙉຠᯝࡢ 
᳨ド (ᕥ㸸⿵ᙉ↓㸪ྑ㸸⿵ᙉ᭷) 
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